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THE MAINTENANCE OF FERTILITY
W ITH SPECIAL REFERENCE TO THE MISSOURI LOESS
W . H. STEVENSON . A. H. SNYDER*
I. O. SCHAUB
Introduction
A général knowledge of the problems involved in the main­
tenance of soil fertility is essential to a permanently successful 
agriculture in any region and among any people. Whether the 
predominating industry is grain farming or livestock farming, 
or a combination of the two, its foundation is the soil. In its 
broadest Sense the term soil fertility refers to the productive 
capacity or crop producing power of any soil under given cli­
matic conditions, and it is the resultant of many factors or 
forces.
The soil chemist has given us a definite conception of what 
constitutes plant-food, and the soil physicist has contributed 
many valuable and practical discoveries to the rapidly increas­
ing fund of knowledge concerning soils. It is known that suit­
able moisture and temperature conditions are essential, not only 
for absorbing and assimilating plant food, but also for rendering 
the plant food of the soil available. More recent research by the 
soil bacteriologist has revealed the fact that bacteria play an ex­
ceedingly important role in the problem of soil fertility, and it is 
undoubtedly true that the importance of these minute organisms 
is as yet but little understood and little appreciated, even by 
those most familiar with soil bacteriology. Excellent results 
are constantly issuing from soil laboratories and discoveries are 
being made which throw light upon problems observed in the 
field.
There are, however, certain practical problems  ^ concerning 
various systems of soil management, as regards their effect upon 
the maintenance of fertility, which can be more definitely and 
more accurately worked out upon field plots, and this method 
of investigation is destined to remain, at least for many years, a 
great factor in the solving of soil problems.
The present is the crucial period in the management of Iowa 
soils. Their great virgin fertility has made possible the produc-
*Extension lecturer on soils.
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5tion of immense crops with very little labor, and naturally but 
few farmers and landowners have realized the necessity of adopt­
ing methods designed to maintain the fertility of the soil. Many 
of the methods now in vogue in this state have been followed by 
the older states farther east with the result that they today no 
longer face the problem of maintaining fertility, but are con­
fronted with a vastly more difficult problem, that of building up 
fertility which has been greatly reduced by faulty methods of 
soil management. The importance of this fertility problem in 
Iowa lies in the fact that it is vastly more easy and more econ­
omical to maintain and even to increase the productive capacity 
of such soils as are now found almost without exception in thisy 
state than to build up impoverished soils.
I f  methods of soil management are adopted 
which permit of the return to the soil of an egpv-fkai^ o^aMf 
that is taken away from it the productive capacity ..o f .T<»wa 
need never be reduced.
#  PLANT POOD.
The results of stock-feeding experiments publisnecL by this 
Experiment Station have served to familiarize many farmers 
with the several ingredients and the amounts thereof essential 
to a proper ration for different kinds of animals. Few have a 
definite conception of the essential elements of plant food, the 
source from which the plant obtains them, the amounts required 
and the qualities available.
Ten elements are essential to the growth and development 
of all plants. They are carbon, hydrogen, oxygen, magnesium, 
iron, sulphur, calcium, nitrogen, phosphorus and potassium. 
Combinations of the three elements, carbon, hydrogen and oxygen, 
constitute approximately 95 per cent, of all plants. They form 
the portions spoken of in feeds as fats and carbohydrates, in­
cluding the oils and starch. Plants obtain their supply of these 
elements from air and water. The carbon is derived from the 
carbon dioxide of the air, and the hydrogen and oxygen from 
water, which is a combination of these two elements. Thus, it 
is seen that only about 5 per cent., or one-twentieth of the 
material of plants, actually comes from the soil. Only minute 
amounts of magnesium, iron and sulphur are required, and they 
are present in practically all soils in abundant quantities. The 
same is usually true as regards calcium although certain crops, 
particularly clover, require this element in considerable amounts. 
It is evident that seven of the ten elements essential to plant 
growth need cause the farmer but little concern.
Nitrogen, phosphorus and potassium are three elements 
which in their various combinations constitute the vast majority 
of the material obtained from the soil by .plants. These elements
5
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are required by all plants in considerable amounts and their pres­
ence in many soils is limited. It is a common but erroneous 
idea that the soil is a great mass of material, the greater portion 
of which may sooner or later be used by plants as food. Numer­
ous chemical analyses of soils, representing many different sec­
tions, show that a ton of fertile soil to a depth of one foot does 
not contain on an average more than 10 or 12 pounds of nitro­
gen, phosphorus and potassium. The following diagram shows 
the relative amounts of these elements in the surface foot of a 
normal fertile soil. The quantities represented, with the ex­
ception of potassium, are somewhat greater than those found in 
ij^ae average Iowa soil, and are far in excess of those found in the 
more yor less impoverished soils of the state.
WWPpifcwill j)e seen from the diagram that nearly all of the soil 
is ' composed, oiynineral matter, which acts merely as a home for
Diagram showing the relative amounts of plant food in a fertile soil to a depth of 
one foot. The dark portions represent nitrogen, phosphorus and potas­
sium, and the light portion represents mineral matter.
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7the plant where moisture and food are stored for its use and into 
which it can develop its roots and anchor itself against winds.
Nitrogen, phosphorus and potassium are always found in 
small amounts even in the most exhausted soils, but if any one 
of these three elements is present in too small an amount to meet 
the full demands of a crop, the growth and yield of the crop 
will be correspondingly decreased. These elements do not exist 
in the soil as single elements, but are found combined with other 
elements, and it has been demonstrated by experiment that 
plants are capable of appropriating their food only when it 
exists in certain combinations. In other words, sufficient 
amounts of plant-food may be present in the soil, but it may be 
in such form that plants cannot use it. Herein lies the solution 
of the soil fertility problem, so far as plant food is concerned, 
viz, to have present at all stages of the plant’s growth an^ample 
supply of each element in a readily available form.
SOURCES OP PLANT-POOD.
Nitrogen— The chief source of nitrogen in the soil -is the 
organic matter derived from the remains of decaying plants and 
animals. Small portions are carried into the soil from the nitro­
gen supply of the air, about four-fifths of which is nitrogen, 
by falling rain and snow. The soil, by another method, indirect­
ly obtains large quantities of nitrogen from the air. A  certain 
family of plants, called “ legumes,”  are capable of using the 
free nitrogen of the air, through the action of minute, nodule­
forming bacteria which live upon their roots. All the clovers, 
(including alfalfa), cowpeas, soy beans and vetches belong to 
this group of plants. So far as is known all other families of 
plants are dependent upon the nitrogen supply of the soil for 
their nitrogen. When legumes decompose, the nitrogen which 
they contain is left in the soil in such form that it is readily 
available to other plants. This, in part, accounts for the bene­
ficial influence of clover upon crops grown subsequently.
Nitrate of soda, sulphate of ammonia and dried blood are 
some of the principal fertilizing materials in which nitrogen may 
be obtained for application to the soil.
Nitrate of soda contains about 15 per cent, of nitrogen. 
Large quantities of this substance are imported from Chili, 
where vast beds of it extend along the coast for several hundred 
miles.
Sulphate of ammonia is a by-product of gas works, and con­
tains about 20 per cent, of nitrogen.
Dried blood is a by-product of packing houses and contains 
about 14 per cent, of nitrogen.
Since the nitrogen supply of the soil may be maintained 
by growing legumes, it is worthy of special note that their pres-
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8ence in a rotation is the only practicable method of obtaining 
nitrogen when general farming is practiced.
Phosphorus— The source of phosphorus for the plant is the 
mineral portion of the soil— that part which is formed by the 
disintegration of rocks. When the supply of phosphorus is once 
depleted there is no way to replenish it except by the addition of 
some substance rich in this element. There are three materials 
which are commonly used for increasing it in the soil—bone 
meal, rock phosphate and slag phosphate. These substances are 
frequently treated with sulphuric acid, or oil of vitriol, in order 
to make their phosphorus content more available, and make them 
act more quickly. This gives rise to the terms “ dissolved bone,’ r 
“ acidulated bone meal,”  “ acid phosphate,”  “ super-phosphate,”  
etc. It is true that these acidulated phosphates give quick re­
turns, but recent experiments, especially those of the Ohio and 
Illinois Stations, give strong indication that they are too ex­
pensive, and, furthermore, that the sulphuric acid with which 
they are treated may exert a deleterious effect upon the soil. 
It is also probably true that they are little better than raw rock 
or raw bone when applied to soils naturally rich in lime, owing 
to the fact that the acid reacts with the lime and leaves the 
phosphorus in as unavailable form as it exists in non-acidulated 
rock or bone.
Bone meal is obtained by drying and grinding the bones of 
animals. When viewed from the proper standpoint, it can not 
be considered a commercial fertilizer. The application of bone 
meal is nothing more or less than a return to the soil of material 
which has been sold from it in the form of animals. The phos­
phorus content of steamed bone meal is more readily available 
than that of raw bone meal, and for that reason it acts more 
quickly. Steamed bone meal contains less nitrogen than does 
raw bone meal, owing to the fact that considerable nitrogen is 
removed in the form of glue during the process of steaming. 
This should not be an argument against the use of steamed bone 
meal, for the person who purchases nitrogen must pay approxi­
mately 15 cents per pound for it, and it can be much more 
cheaply obtained by growing legumes and utilizing the free nit­
rogen of the air.
Rock phosphate is obtained by grinding rocks rich’ in phos­
phorus. Deposits of such rock are found in several localities in 
the United States, especially in Tennessee, South Carolina and 
Florida.
Slag phosphate is the finely ground refuse produced in the 
manufacture of steel from iron ores having a high phosphorus 
content.
The percentage of phosphorus present in the several kinds 
of phosphatic fertilizing materials varies widely. Their value
8
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9■depends directly upon the amount of phosphorus which they 
■carry. High grade steamed bone meal carries from 12 to 14 per 
cent, of phosphorus ; high grade rock phosphate contains about 
12  per cent; and the best slag phosphate contains about 8 per 
cent. Lower grades of these materials may be obtained and 
should be applied in proportionately larger quantities, according 
to the percentage of phosphorus present. Phosphorus is com­
monly spoken of commercially as phosphoric acid, which is a 
•compound of phosphorus and oxygen in the proportion o f about 
44 per cent, phosphorus and 56 per cent, oxygen.
Potassium— The supply of potassium, like that of phos­
phorus, is derived from the mineral portion of the soil, and 
when once depleted can only be restored by the addition of po­
tassium to the soil. Potassium chloride, potassium sulphate and 
kainit are the materials most commonly used as carriers of po­
tassium. The chloride contains about 42 per cent, potassium, the 
sulphate about 40 per cent., and kainit is a mineral which con­
tains from 8 to 10 per cent, of potassium. Potash is the term 
commonly used in speaking of potassium; it is a compound of 
potassium and oxygen containing 83 per cent, potassium.
The most common fertilizing materials which contain nitro­
gen, phosphorus and potassium are not given with the recommen­
dation that farmers should indiscriminately purchase any one 
or all of them. But it is a fact that the large crops which are 
removed annually from Iowa soils are making constant drafts 
upon the supply of mineral plant food in the soil. These min­
eral elements can be fully replaced only by the application of 
commercial fertilizing' materials unless manure is used in excess 
of the amount produced from the crops grown on the farm. In 
this connection it is worthy of note that the total phosphorus 
and potassium content of the soil on any given farm may be in­
creased by the use of manure secured from sources other than 
the farm or by using manures made from purchased feeds, espe­
cially from such concentrates as bran, oilmeal or gluten feed. 
However, the fact that considerable quantities of grain are ship­
ped annually from the state and the further fact that a large 
number of live stock farmers do not use purchased feeds makes 
it evident that certain of the commercial carriers of mineral 
plant food must in due time be applied to the land if the fer­
tility is to be permanently maintained.
Highly manufactured, so-called “ commercial”  fertilizers 
•are products totally different from the fertilizing materials re­
ferred to above. They usually contain but little material of real 
value to the soil or plant, and have been the bane of agriculture 
in many sections of this country, therefore, emphasis is placed 
on the fact that commercial fertilizers of this nature should not 
ibe depended upon in this state to increase the productive ca-
9
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pacity of our soils. A  thorough knowledge on the part of farm­
ers concerning the elements of plant-food, the relation of these 
elements to plant growth, the return to the soil of an equivalent 
of plant-food removed by crops and other agencies, are the fac­
tors which will prevent the general use of commercial fertilizers. 
This awakening will tend to establish a state-wide system of soil 
management that will economically maintain the fertility of our 
soils.
The following table shows the approximate amounts of nitro­
gen, phosphorus and potassium removed from the soil by an 
average yield of the principal crops of Iowa. The average yield 
per acre was obtained from the state reports, and represents the 
average for the ten year period 1897-1906, inclusive.
TABLE I.— NITROGEN, PHOSPHORUS AND POTASSIUM REMOVED BY AVERAGE CROPS
Crop
A
ve
ra
ge
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el
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pe
r 
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cr
e
N
itr
og
en
Po
un
ds
Ph
os
ph
or
us
Po
un
ds
Po
ta
ss
iu
m
Po
un
ds
Corn ............................................. 34.5 Bu. 52.3 8.15 25.11
Oats .............................................. 31.8 Bu. 31.3 4.70 24.42
Barley .......................................... 25.5 Bu. 25.5 5.63 20.11
Spring Wheat.......................... 13.2 Bu. . 21.5 3.30 14.85
Winter wheat............................... 16.4 Bu. 26.7 4.10 18.45
Clover .................................... 2500 Lbs. 50.0 4.00- 35.00
Timothy ....................................... 2800 Lbs. 28.0 4.42 30.24
SOIL INVESTIGATIONS NOW IN PROGRESS.
Bulletin 82 of this Station describes the principal soil areas 
of Iowa, and enumerates their characteristics. It also mentions 
some of the soil problems which each type presents and which 
must be solved in order to make possible a permanently success­
ful agriculture.
The fact that such radical differences exist between the soils 
of the several sections of the state makes evident the necessity 
for • conducting experiments in other localities than at the Ex­
periment Station at Ames. Besults of experiments conducted 
upon the Wisconsin drift, which is the type of soil found at 
Ames, may not, and probably will not, apply to the other types 
of soil. The Soils Section of the Experiment Station realizes the 
necessity of conducting experiments in a number of localities, 
and this work, as at present organized, is being carried on at 
the following places: Humeston, Wayne county; Manning, Car- 
roll county; Conrad, Grundy county; Leeds, near the line be­
tween Woodbury and Plymouth counties; Somers, Calhoun coun­
ty, and near Ontario, Story county. In addition to these, field,.
10
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laboratory and green bouse investigations are being conducted 
at tbe Experiment Station at Ames, Story county.
Of.ifHS., PR *,N CiPAt,
.am IOWA 
1 "iso's1
« H i ' i » »iN H
!«ROE:
Stars Show Location of Soil Experiment Fields.
tThe field experiments now in progress at Ames, Manning, 
Conrad and Humeston are designed to test the effect of various 
carriers of plant-food, manures, green manures and crop rota­
tions upon the several types of soil upon which they are located. 
These experiments comprise about 400 one-tenth acre plots. The 
following diagram of the field at Manning, Carroll county, gives 
a, general idea of the nature and scope of the work upon each 
type of soil.
The 80 plots are divided into five blocks of equal size. Cor­
responding numbers of the first four series receive similar treat­
ment. For example, the first plot in each series is untreated 
or a check; the second has a legume grown upon it and plowed 
under for green manure; the third receives stable or barnyard 
manure | and so on throughout the four series of plots.
Upon these four blocks of plots is conducted'a four-year ro­
tation which consists of corn, two years; oats, one year; and 
•clover, one year. It will thus be seen that two blocks of plots 
are in corn each season, one block being in corn for the first year, 
and the other for the second successive year; one block is in oats, 
and one in clover. By such an arrangement, every crop in the 
notation is represented every year. This scheme prevents sea-
11
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sonal variations from seriously influencing the value of average 
yields obtained.
The same rotation is followed at Ames, Conrad and Man­
ning, and the rotation followed at Humeston differs only in one 
respect. This station is located near the southern boundary of 
the state and upon one of the heavier or more clayey types of 
soil. It is, therefore, in a region better adapted to the growing
101 Z 01 «301 401 501
IOZ ZOZ 302 40Z 502
103 203 «303 403 503
104 Z 04 304 404 504
105 Z05 305 405 505
106 206 306 406 506
107 207 307 407 507
108 2 06 300 408 506
109 209 309 409 509
110 210 310 410 510
III 211 311 411 511
| IIZ 212 312 412 512
113 2 Id 313 413 513'
114 214 314 414 514
115 215 315 4/5 515
1 16 216 316 416 516
Diagram Showing Arrangement of Plots on Soil Experiment Fields.
of winter wheat, and for that reason this cereal is included in the 
rotation in the place -oats occupies in the rotation followed at 
the other stations.
Every third plot is a ‘ ‘ check, £1 and thus provides for an un­
treated comparative area on one side of each treated plot. This 
arrangement is highly essential for accurate field experiments in 
order to as nearly as possible overcome any differences in the 
character of the soil, or in the previous treatment of the field.
The individual plots receive the following treatments:
Plot 102. A  legume, usually cowpeas, is sown in the corn 
at the last cultivation, and permitted to grow until killed by
12
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frost; the material is allowed to remain upon the land and is 
plowed nnder in the spring.
Plot 103. Barn-yard or stable manure at the rate of eight 
spreader loads per acre.
Plot 105. Manure at the rate of eight loads per acre, and a 
legume is sown in the corn.
Plot 106. Steamed bone meal at the rate o f 800 pounds per 
acre. This is applied on account of its phosphorus content to 
determine whether or not the soil is benefited by increasing the 
amount of this element.
Plot 108. Bone meal, at the rate of 800 pounds per acre, 
and a legume is sown in the corn.
Plot 109. Bone meal, at the rate of 800 pounds per acre, 
and manure, at the rate of eight loads per acre.
Plot 111. Bone meal, at the rate of 800 pounds per acre, 
manure, at the rate of eight loads per acre, and a legume is sown 
in the corn at the last cultivation.
Plot 112. Bone meal and potassium sulphate, or potassium 
chloride, each being applied at the rate of 800 pounds per acre.
Plot 114. Potassium sulphate or potassium chloride, at the 
rate of 800 pounds per acre.
Plot 115. Air slaked lime, at the rate of 1750 pounds per
acre.
The fertilizing materials are applied to the plots, in the 
amounts stated above, once every four years. They are placed 
upon the clover sod in the fall, and the land is fall plowed, corn 
being the crop which follows. This arrangement provides for 
the growing of two crops of corn after the application of fertil­
izing materials and before small grain is grown, thus lessening 
the liability of lodging, which might occur if some of the ele­
ments of plant food were present in too great quantities.
Bone meal, potassium and lime are sown upon the surface of 
the soil by hand, and the manure is spread by a manure spreader. 
The fertilizers could be more evenly distributed by means of a 
fertilizer • drill, being so distributed upon the plots at Ames. 
Such drills are not yet available at the sub-station experiment 
fields, so that it is necessary, for the present, to do the work by 
hand.
The plots are one-tenth acre in size, being 35 feet wide by 
125 feet long. These dimensions were adopted for the reason 
that plots of this size are convenient to plant with an ordinary 
two row corn planter placing the rows 3 feet 6 inches apart. A  
space 7 feet wide is left between the plots, so that ten rows of 
corn are grown on each plot and two rows between each two 
plots. A  road 1 rod in width is provided between each series of 
plots.
The series of plots including numbers 501 to 516 inclusive
13
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are devoted to a trial of several systems of crop rotation and to 
crop adaptation experiments. Corn is grown continuously on 
plot 501. Com and oats alternate on plots 502 and 503. A  ro­
tation of corn, oats and clover, each, one year, is practiced on 
plots 504, 505 and 506. The remainder of the series is devoted 
to a test of the adaptation of such crops as alfalfa and soy beans 
to the region in which the experiment field is located.
The experiments at Somers, Calhoun county, and near 
Ontario, Story county, are along an entirely different line from 
those conducted at the other stations. They are designed pri­
marily to determine the proper treatment of peaty swamp soils, 
large areas of which exist within the boundaries of the Wiscon­
sin drift. An application of potassium to soils of this type in 
Illinois has been found very profitable, and is being tested at 
Somers. An endeavor is also being made to discover grasses 
and truck crops which are well adapted to peaty swamp soil.
A  smaller experiment field than that located at Manning, 
Carroll county, which has been described in considerable detail, 
is located near Leeds, a few miles north of Sioux City on the 
farm of Captain W. S. A. Smith. This field was the first start­
ed, and, although it is laid out somewhat differently from those 
which were established later, it is designed to study the same 
general fertility problems.
DESCRIPTION OP THE SOIL OP THE MISSOURI LOESS AREA.
Anyone who is familiar with the topography of the western 
portion of Iowa cannot have failed to note the picturesque hills 
or bluffs which extend from Sioux City to the southern boundary 
of the state in a belt from five to ten miles in width. This belt 
lies within the area described as Missouri loess in Bulletin No. 
82, and covers in whole or in part the following counties: Lyon, 
Osceola, O ’Brien, Sioux, Plymouth, Cherokee, Buena Vista, Sac, 
Ida, Woodbury, Monona, Crawford, Carroll, Guthrie, Audubon, 
Shelby, Harrison, Pottawattamie, Cass, Adair, Adams, Mont­
gomery, Mills, Fremont, Page and Taylor.
The Missouri loess is less clayey than the other types of 
loess found in the state, but has all the characteristics of a wind- 
formed soil. Even at the present time it has been known to 
drift to a considerable extent during high winds, when the sur­
face of a field has been exceptionally well pulverized and not 
well supplied with organic matter. It is buff, or yellow, in color, 
and is composed of fine particles of exceedingly uniform size. 
Loess rarely, or never contains large pebbles or stones, and but 
very little coarse sand. The Missouri loess covers the entire 
surface of the region where it occurs, with the exception of the 
area occupied by bottom lands, and some of the steeper slopes, 
from which it has been washed down to lower levels. It varies
14
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greatly in depth, being more than 100 feet thick in some places 
near the Missouri River, while it has only a depth of a few feet 
in sections farther east.
This type of soil withstands both drought and excessive 
rainfall remarkably well, and in general it may be said that it 
does not wash badly, considering its rolling topography. Its 
porous nature allows large amounts of water to pass into the 
soil readily. In localities where the loess is of great depth the 
water may pass downward beyond the reach of plant roots, and 
may carry away the soluble and readily available elements of 
plant-food from the plants.
The porous nature of this soil permits of the free circula­
tion of air and promotes the rapid decomposition of organic 
matter. It is necessary that the remains of plants in the soil 
should decay, in order that the material of which they are com­
posed may be available for the use of living plants. But it is, 
nevertheless, possible for vegetable matter of the soil to decom­
pose so rapidly' that living plants cannot make use of the ele­
ments as rapidly as they are rendered available. When such 
conditions exist great losses may occur by leaching of the avail­
able elements, or by loss into the air through processes of oxi­
dation. An ample supply of organic matter, or humus, is an 
essential of a fertile soil, and, in the case of a soil which permits 
of the rapid decomposition of organic matter, it is necessary that 
a systematic effort be made to maintain the supply.
Owing to the rapid decomposition of the organic matter in 
the Missouri loess, infertile tracts, varying from a few acres to 
as much as fifty acres in extent, are being developed where the 
loess is deep and the topography rolling. Nearly every farm in 
the Missouri loess area is more or less affected in this way, and, 
as the number and area of these tracts tend to increase, they 
form a subject of much concern.
An experiment field has been located upon one of these in­
fertile hill tops and a series of experiments conducted in order 
to determine, if possible, a system of soil management whereby 
such areas may be rendered more productive. The field is situ­
ated on a divide. The road between series 100 and series 200 
is the center of the ridge, and the land slopes both east and west, 
as well as to the north. The soil of the field is a pure loess such 
as characterizes this region. The underlying glacial till is found 
out-cropping only in a very few places in the neighborhood of 
the experiment field, although its influence upon the general 
topography of the region is evident. It is, nevertheless, true, as 
regards the vast majority of this area, that the glacial till is so 
thickly covered with its mantle of loess that it exerts but little, 
influence upon the character of the soil.
The soil upon which the experiments were conducted had
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been under cultivation for a period of only two years. Previous 
to that time it was native pasture. On the top of the divide the 
soil is very deficient in organic matter which is no doubt par­
tially due to the fact that the surface soil is gradually but con­
stantly carried down by the agents of erosion, such as water and 
wind. The amount of organic matter increases Toward the lower 
part of the slopes, and the crops are materially better where this 
is the case. This hill top is no doubt less fertile than the ma­
jority of the area covered by the gently rolling hills of the Mis­
souri slope, but is typical of a great number of worn and unpro­
ductive till tops which are found in this region. Results ob­
tained from this field can undoubtedly be considered as an accur­
ate indication, at least in a measure, of the effect of a similar sys­
tem of soil management upon the greater portion of the Missouri 
loess soil. On the less worn soils the effects would not be so 
marked, but upon fields which have been subjected to continuous 
grain farming for a number of years, results equally as distinct, 
if not more so, would be expected.
The field was 'laid out on March 28, 1905, and was divided 
into 44 one-twentieth acre plots, as shown by the diagram on the 
following page:
Each plot is 1 rod wide and 8 rods long, and a border 6 feet 
10 inches in width separates the plots. A  strip 16 feet wide is 
left as a road way between series 100 and series 200. The plots 
are not situated due east and west, as it was possible to obtain 
more uniform soil conditions by following the trend of the di­
vide.
During the first season (1905) a fertility test was conducted 
on plots 10 1  to 1 1 1  inclusive to determine whether nitrogen, 
phosphorus, or potassium would be beneficial if applied in the 
form of commercial fertilizers. Results from such an experi­
ment for only one year are of little value, and in this case show 
great irregularity. All that can safely be said is that the fertil­
izing materials in the amounts used did not produce an appre­
ciable increase in crop yields for the season of 1905. In 1906 
this series of plots was included in the regular four-year rotation 
experiment conducted upon this field.
Oats and clover were sown on plots 113 to 123 inclusive in 
1905. It was not possible to thrash the grain from each plot sep­
arately, and the yield of grain was therefore not obtained. The 
grain and straw were weighed together and table II gives the 
total weight of the crop from each plot, and also the treatment 
which each plot received:
17
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Diagram Showing Arrangement of Plots on the Soil Experiment Field
Near Sioux City.
18
Bulletin, Vol. 8 [1905], No. 95, Art. 1
http://lib.dr.iastate.edu/bulletin/vol8/iss95/1
19
TABLE p i — TOTAL WEIGHT OE THE OAT CROP ON VARIOUSLY TREATED PLOTS
FOR 1905
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113 Untreated 89
114 Untreated 92
115 . Manure 800 pounds 129 39
116 Manure 800 pounds 123 33
117 Bone meal 10 pounds 99 9
118 Bone meal 10 pounds 
Manure 800 pounds 120 30
119 Bone meal 10 pounds 
Manure 800 pounds r 133 43
120 Potassium  chloride 10 pounds 89 —2
121 Potassium  chloride 10 pounds 
Manure 800 pounds 126 36
122 Potassium  chloride 10 pounds 
Bone meal 10 pounds 103 13
123 Potassium  chloride 10 pounds 
Bone meal, 10 pounds 134 44
Manure 800 pounds
But little value can be attached to such results, owing to. the 
fact that it is impossible to determine how much of the increase 
is due to the grain and how much is due to the straw. However, 
it is evident that the plots to which manure was applied pro­
duced approximately one-third more grain and straw than did 
the plots which received no manure.
Results quite similar to those given in table II were ob­
tained from the plots sown in oats for the season 1906, and are 
given in table III.
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TABLE III.— TOTAL YIELD OE TH E OAT CROP ON VARIOUSLY TREATED PLOTS FOR
* 1906
N
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101 Untreated 169
102 Untreated 187
103 Manure 800 pounds 228 72
104 Bone meal 10 pounds 186 30
105 Untreated 118
106 , Bone meal 10 pounds 
Manure 800 pounds 231 75
107 Manure 800 pounds 
Potassium chloride 10 pounds 202 .O
108 Manure 800 pounds 
Potassium chloride 10 pounds 193 37
109 Bone meal 10 pounds 
Potassium chloride 10 pounds 193 37
110 Manure 800 pounds 
Bone meal 10 pounds 251 95
Potassium chloride 10 pounds
111 Untreated 152
Clover was sown with the oats each year, and its growth 
upon plots to which manure was applied was far superior to its 
growth upon plots which received no manure. No definite data 
can be given, owing to the fact that the clover crop was not har­
vested separately upon the various plots, but the beneficial influ­
ence of the manure was clearly evident, and was especially dis­
tinct upon the ends of the plots toward the top of the hill.
Two sections, consisting of 11 plots each, were planted in 
corn each year, so that a duplicate record for three successive 
years is now available to show the effect of the several treat­
ments upon the corn crop. No record has been obtained of the 
amount of stover produced, but the ears-have been carefully 
husked and weighed from each individual plot. Table IV  gives 
the treatment of plots, yield per acre in bushels, average yield 
for each year and the average yield for three years.
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TABLE IV.— YIELD OE CORN ON VARIOUSLY TREATED PLOTS EOR THREE YEARS
1905-1907 in c l u s iv e
1905 1906 1907
Treatment
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Untreated ................... 13.3 40,0 26.7jtf23.3 48.8 36.1 26.0 25.0 25.5 29.4
Cowpeas1 ..................... 13.9 32.5 23.2 f134.3 47.8|41.1 29.0 26.3 27.7 30.7
Manure 800 lbs.............. 27.7 48.5 38.1 57.5 65.5|61.5 40.5 38.8 39.7 46.4
Manure 800 lbs . . ; . . . . .  
Cowpeas . ..................... 40.5 47.5 44.0 66.8 67.0 66.9 41.8 50.3 46.1 52.3
Bone meal 10 lbs.2. . . .  
CQwpeas 22.4 30.4 26.4 40.5 49.3 44.9 26.3 35.8 31.1 34.1
Bone nfeal 10 lb,.........
Manure 800 lbs............ 40.0 44.8 42.4 59.3 70.5 64.9 39.5 55.0 47.3 51.5
Bone meal 10 lbs.........
Manure 800 lbs..............
Cowpeas ....................... 35.7 47,5 41.6 56.5 71.5 64.0 43.8 54.5 49.2 51.6
Potas’m sulph’te 10 lbs. 
Cowpeas ....................... 17.1 27.2 22.2 32.5 51.3 41.9 26.0 30.5 28.3 30.8
Potas’m sulph’te 10 lbs. 
Manure 800 lbs............ 29.9 38.9 34.4 53.5 62.8 58.2 44.0 45.3 44.7 45.8
Bone meal 10 lbs. . . . .  
Potas’m sulph’te 10 lbs. 
Cowpeas ....................... 32.0 32.5 32.3 49.0 52.0 50.5 32.0 37.8 34.9 39.2
Bone meal 10 lbs.........
Potas’m sulph’te 10 lbs. 
Manure 800 lbs............ 52.3 53.9 53.1 66.5 70.5 68.5 47.0 51.5 49.3
1
|57.0
The system of crop rotation practiced upon this field con­
sists of corn two years, oats one year and clover one year. It is 
therefore evident that corn will be grown upon two series of 
plots each year, one of which will be corn following com, and 
the other corn following clover. Owing to the fact that the ex­
periment was planned along somewhat different lines when first 
installed, it was necessary to grow corn following corn on two- 
blocks of plots in 1906. For this reason it is only for the season 
of 1907 that a yield was obtained from com following clover.
It is impossible to obtain as uniform soil conditions through­
out a series of plots upon rolling land as may be obtained upon 
a more level area and it is unfortunate that provision was not 
made for a greater number of untreated or check plots, such as 
have been provided for in the experiment fields laid out subse-
1 Cowpeas were sown in the corn at the last cultivation and were plowed under the fol­
lowing spring for the purpose of increasing the supply of organic matter and nitrogen in 
the soil. No cowpeas were sown in 1906 and 1907.
2 In 1907 both bone meal and potassium sulphate were sown at the rate of 40 pounds 
per plot instead of 10 pounds per plot, as in previous years.
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quently. Observation has shown that each plot gradually be­
comes more fertile progressing from its highest to its lowest ele­
vation. This feature does not seriously affect the results, owing 
to the fact that its influence is approximately equal upon all 
plots. The fact that the field also slopes to the north is of 
greater moment, as the soil becomes more fertile progressing 
from south to north. Plot number one in each series lies farthest 
to the south, so that the higher the number of the plot, the far­
ther to the north it is situated, and the greater its native fertility. 
Owing to the irregularity in the soil and the lack of check plots,
Corn on Untreated Plot— August 2, 1907.
it is not deemed wise to consider small differences in yield, but 
there are some general facts clearly brought out by the results, 
and they are, moreover, facts which should prove of great prac­
tical value to the owners of land where these infertile hill tops 
occur.
Consider first the general average for the three years. The 
plot upon which cowpeas were sown in the corn at the last culti­
vation produced only a fraction of a bushel more corn than the 
plot which received no treatment. Such a result is rather to be
Q- 0
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expected, since cowpeas were only sown the first year and even 
then made hut little growth. This plot could be more properly 
considered as untreated, and when looked upon as such, very sat­
isfactorily duplicates the results of the check.
The plot to which manure was applied at the rate of 800 
pounds, or eight tons per acre, gave a net increase of 17 bushels 
of corn per acre. The manured plot, upon which cowpeas were 
sown, gave an increase of six bushels over the one manured but 
without cowpeas. This variation should probably he attributed 
to the difference in native fertility of the plots rather than to 
the effect of the cowpeas, since the difference in yield between the
Corn on Manured Plot— August 2, 1907.
two plots is apparent the first year, and no beneficial influence 
could be attributed to the cowpeas till the crop of 1906.
Phosphorus in the form of steamed bone meal has appar­
ently been slightly beneficial, but the increase produced is not of 
sufficient magnitude to be of much importance.
Bone meal and manure produced approximately the same 
yield as cowpeas and manure, and about five bushels more per 
acre than manure alone.
Potassium and cowpeas gave the same results as cowpeas
■1 m
ICSn s
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alone, and less than one and one-half bushels more than the 
check plot.
Potassium and manure produced almost the same yield as 
manure alone, making it appear that an application of potassium 
in the amount used has no effect upon the soil under investiga­
tion.
Bone meal, potassium and cowpeas gave a yield of 10 bush­
els.per acre more than the untreated plot, but seven bushels per 
acre less than the plot to which manure alone was applied.
Bone meal, potassium and manure produced the greatest 
yield obtained, which was nearly 26 bushels greater than that
of the check plot. The native fertility of the plot to which the 
three materials were applied was evidently greater than that of 
the remainder of the plots, as it was situated farthest toward 
the bottom of the hill and extended on to a slight bench on the 
hill-side.
The general average given in table IV  includes the results 
from six crops of corn, and covers a period of three years. This 
fact in a measure overcomes any irregularities which might arise 
from variations in soil between the plots or from seasonal influ­
ence, and materially adds to the value of the data.
The beneficial effect of manure stands out pre-eminently, not 
only in the general average, but in the average for each year and 
in the individual crops grown each year.
Relative Effect of Treatments Upon the Yield of Corn as Shown by the Aver­
age of Six Crops Covering a Period of Three Years.
i> untreated; 2, cowpeas; 3, manure; 4, manure, cowpeas; 5, bone meal, cowpeas; 6 bone 
meal, manure; 7, bone meal, manure, cowpeas; 8, potassium sulphate, cowpeas; 9, potassium 
sulphate, manure; 10, bone meal, potassium sulphate, cowpeas; 11, bone meal, potassium 
sulphate, manure.
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mBushels p e r acre O 5  to !5 20 25 303540 45 505560
Untreated.
Cow peas.
M an ure  aoo pounds.
M anure eoopounds.
Cow peas.
Bone M e a l 10 pounds 
Cowpeas.
B o n e  M e a l 10 pounds. 
M anure aoo pounds.
Bone Meal to pounds 
Manure aoo pounds. 
Cowpeas.
Potas s ium  Sulphate to pounds 
Cowpeas.
Potassium  Sulphate to pounds. 
Manure 000 pounds
Bone M eal /o pounds. 
Potassium Sulphate 10 pounds. 
Cowpeas.
Bone M eal /o pounds. 
Potassium Sulphate to pounds. 
M anure aoo pounds.
Comparative Average Yields of Corn for Three Years.
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In table V  are given the average increase in yield of corn 
for each of the several treatments, and also the value of the in­
crease. A  value of 33 cents per bushel has been assigned to corn, 
which is considered a fair average price for the three year per­
iod.
TABLE V.— INCREASE AND VALUE OE INCREASE IN THE YIELD OE CORN ON VARI­
OUSLY TREATED PLOTS. AVERAGE EOR THREE YEARS 1905-1907, INCLUSIVE.
Treatments
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33
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Cowpeas 1.3 $0.43
Manure 800 pounds 17.0 5.61-
Manure 800 pounds 
Cowpeas 22.9 7.56
Bone meal 10 pounds 
Cowpeas 4.7 1.55
Bone meal 10 pounds 
Manure 800 pounds 22.1 7.29
Bone meal 10 pounds 
Manure 800 pounds 
Cowpeas 22.2 7.33
Potassium sulphate 10 pounds 
Cowpeas 1.4 0.46
Potassium sulphate 10 pounds 
Manure 800 pounds 16.4 5.41
Bone meal 10 pounds 
Potassium sulphate 10 pounds 
Cowpeas 9.8 3.23
Bone meal 10 pounds 
Potassium sulphate 10 pounds 
Manure 800 pounds 27.6 9.11
It is worthy of note that nearly two-thirds more corn was 
produced upon plots to which manure had been applied than 
was produced upon the untreated plot. The value of the corn 
per acre upon the untreated plot was $9.70, compared with 
$15.31 upon the manured plot. The increase may be considered 
almost entirely net gain, owing to the fact that the sataie amount 
of labor was required upon the two plots, with the exception of 
the extra labor of applying the manure. It is also true that the 
full effect of the manure has not yet been obtained, owing to the 
fact that it exerts an influence throughout a number of years and 
its effect is cumulative.
Manure is a very complex material and is capable of exert­
ing an influence in various ways. For this reason it is impos­
sible to determine definitely the exact manner in which it is bene-
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ficial; but it is undoubtedly true that its effect should be attri­
buted to a combination of its chemical and physical action, ra­
ther than to either one specifically. In the case of the soil under 
investigation, the nitrogen added in the manure was probably 
beneficial, owing to the fact that the supply of this element is 
limited. Analyses indicate that this soil is low in nitrogen con­
tent. Plants grown in pots containing this soil, to which nitrate 
of soda had been added, responded to the increase of readily 
available nitrogen. It has been mentioned that the nitrogen 
supply of the soil is derived largely from its organic matter or 
humus content, and that the soil of the infertile hill-tops under 
discussion contains a very limited supply of this material. Or­
ganic matter or humus is derived from the remains of plants 
which are left on or in the soil to decompose and become a part 
of the soil. It is the substance which gives the black color to 
our fertile prairie soil and their mellow loamy texture is also 
largely due to 'humus.
A  new soil, or one which has been under cultivation for com­
paratively few years is usually well supplied with humus, 
owing to the fact that all of its native vegetation for many years, 
possibly for centuries, has remained upon the land and decom­
posed. Go into the woods and beneath the living plants you will 
find the dead, decaying trees, underbrush, herbage and leaves. 
Here Nature is growing a crop that is much more exhaustive of 
fertility than a crop of corn, but the fertility is permanently 
maintained by her own method, owing to the fact that the ma­
terial taken out of the soil is returned to it to be used over and 
over again.
In the case of soils which have been cropped continuously 
through a long series of years, the supply of organic matter is 
rapidly exhausted. This is especially true as a result of the too 
frequent growing of inter-tilled crops, such as corn. For this 
reason it is usually this portion of the soil which first causes the 
land to show signs of waning fertility. The mineral elements 
are frequently present in abundant quantities to meet the de­
mands of the crop, but are so locked up that they cannot be 
utilized. Nature has provided that no system of farming, how­
ever extravagant it may be, can entirely and permanently ex­
haust the fertility of a soil in a short period of time. _ The or­
ganic portion of the soil is the first to become deficient, and 
when this material is too much reduced the condition arises 
which is termed “ poor physical condition.”  The soil is cloddy, 
and difficult to work when dry, and it puddles and bakes easily 
when wet. Furthermore, it washes badly, if it is rolling. The 
fertility contained in such a soil is not available, for no plant 
can readily obtain its food from clods. Thus, it is evident that 
it is of the utmost importance to maintain an ample supply of
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organic matter, not only for the plant-food which it contains, 
but on account of its beneficial influence in rendering available 
the plant-food already present in the soil.
The ability of manure to improve the physical condition is 
no doubt the factor of greatest importance in a consideration of 
the type of soil under discussion. Emphasis has been laid upon 
the fact that the Missouri loess is an open, porous type of soil 
which readily receives water. It has also been pointed out that 
in localities where the loess is deep, there is danger of the water 
percolating to so great a depth as to be out of the reach of plant 
roots, and that the water in its downward passage carries with 
it the readily soluble elements of plant-food, and thus removes 
them from the zone in which the plant obtains its nourishment. 
It is therefore important that the soil be treated in such a way as 
to provide for the retention o f water and plant-food in the zone 
occupied by the roots of plants. It has been demonstrated be­
yond question that the organic matter of the soil acts more or 
less as a sponge and that a soil well supplied with organic mat­
ter retains a higher percentage of moisture than the same soil 
retains if deprived of its organic matter.
With a view to maintaining or increasing the supply of 
organic matter in the soil one or both of two general methods 
may be adopted. First, the remains of plants and the excrement 
of animals may be carefully saved in the form of manure and 
returned to the soil from whence they came. Second, crops may 
be grown which leave a considerable quantity of material upon 
the land to be plowed under and incorporated with the soil.
The relative proportion in which these two methods should 
be employed upon a given farm must depend in a large measure 
upon the system of farming conducted upon that farm. Where 
a large number of animals are kept and practically all of the 
crops are fed, there is sufficient manure produced to cover a con­
siderable area each year, but in the case of grain farming, where 
the greater portion of the produce is sold from the farm it is 
absolutely essential that a crop be grown at frequent intervals to 
leave a large portion of its substance upon , the land.
Whatever the system of farming, too great emphasis cannot 
be placed upon the importance of returning to the soil a large 
portion of the material taken out of it by plants or lost into the 
air by processes of oxidation. The subject of manures, includ­
ing both farm yard manure and green manures, is one of im­
mense importance. Many farmers make a serious mistake by 
failing to properly conserve and apply the various forms of 
refuse material that exist upon, or are available to, every farm. 
Comparatively speaking, the farms of Iowa have been under cul­
tivation only a few years, and it has been mentioned that new 
soils are usually well supplied with organic matter. This is
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especially true of Iowa soils, and in large measure accounts for 
the fact that such wasteful methods have prevailed as regards 
the use of home fertilizing materials. Fields have been planted 
in corn continuously for many years, and the organic matter of 
the soil has been rapidly depleted. In many eases the greater part 
of the corn grown has been fed .to stock, and only a small por­
tion of the valuable elements of fertility have been removed in 
the product marketed. Little attention has been given to the 
preservation of the manure and its return to the soil. Very few 
are so grossly wasteful as to place manure upon the ice when a 
stream is frozen over, or to use it for filling washed places, as 
was commonly done only a few years ago, but a great many 
either do not fully appreciate its value, or are not aware of the 
extent to which losses may occur from it when precautions are 
not taken to prevent them. It is a far too familiar sight 
in this state to see the stable-yard and feed lot located upon 
the bank of a stream where the readily soluble, and hence most 
readily available, portion of the manure is rapidly leached out 
and carried away by the stream.
The second method whereby the organic content of the soil 
may be maintained or increased is by plowing under a crop or a 
portion of a crop grown upon the land. Under the climatic and 
soil conditions existing in Iowa, clover is the crop best adapted 
for this purpose. It is possible by growing this crop to obtain 
a large quantity of valuable feed from the first cutting and at 
the same time to produce sufficient aftermath, or second growth, 
to materially improve the soil when it is turned under. This 
does not take into account the benefit derived from the decay of 
clover roots in the soil. Careful examination of clover plants 
has shown that approximately one-half the substance of the 
plant is below the surface of the ground. In other words, ap­
proximately one-half as much organic matter is added to the 
soil when a crop of clover is grown and all of the hay removed 
as is added when the entire crop remains upon the land. Even 
where clover is grown it is no doubt the most economic policy to 
feed the crop and return the manure to the soil. Clover is a 
valuable feed, owing to its high protein content, and but little of 
its fertilizing constituents are lost if the manure is carefully pre­
served and properly applied.
There is one fact connected with the growing of clover and 
the soil fertility problem which is deserving of great emphasis. 
Every land owner should realize that clover will not grow in all 
soils, and that, while it is of immeasurable value in the improve­
ment of land, yet a soil may become so worn out that it cannot be 
re-restored to fertility by the growing of this legume. Vast areas 
of land exist in the eastern part of the United States, where the 
soil has been under cultivation many years longer than the soil
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of Iowa, upon which clover cannot be grown without previous 
treatment. Small areas o f such soil exist no farther distant than 
Illinois and Indiana, and some are closely approaching this con­
dition in this state. _ It was impossible to obtain a stand of clover 
upon the Missouri loess hill-top under investigation except 
upon the plots to which manure had been applied. Although the 
soil in this case had not been rendered infertile by excessive 
cropping, it serves to demonstrate that clover cannot be grown 
upon land too deficient in organic matter. Clover is more pro­
perly a crop for maintaining the humus and nitrogen supply in 
the soil rather than one for building up the fertility of worn 
soils.
TREATMENT RECOMMENDED FOR HILL-TOPS IN THE 
MISSOURI LOESS A R E A .
The results reported in this Bulletin indicate that the pro­
ducing power of the Missouri loess hill-tops is not materially 
increased by the addition of phosphorus in the form of steamed 
bone-meal, or by the addition of potassium.
An application of barn yard manure at the rate of eight 
tons per acre gave a decided increase in crop production in every 
case. 5 The general average for six crops of corn and covering 
a period of three years shows an increase of 17 bushels per acre 
for manure, while in some individual cases the increase is much 
greater. The readily available nitrogen added by the manure 
exerted more or less influence upon the crop, but by far the 
greatest benefit is due to the improvement of the physical condi­
tion o f the soil. The capacity to retain moisture and dissolved 
plant-food in the zone occupied by plant roots is greatly in­
creased by the presence of well decomposed organic matter which 
has become thoroughly incorporated with the soil.
The system of management best adapted to the improvement 
of the hill-tops in the Missouri loess area is the system which 
most effectually and economically maintains an adequate supply 
of organic matter. Two methods have been mentioned for ac­
complishing this end s first, the application of manure | and, sec­
ond, crop rotation. This rotation should include the growing at 
frequent intervals of a crop which leaves a large percentage 
of its material upon the land. It will in many cases be found 
necessary to employ the first method before it is possible to em­
ploy the second, owing to the fact that clover cannot be grown 
upon many of these soils until a liberal amount of manure has 
been applied. This was found to be true of the area upon which 
the experiments were conducted. When the soil has once been 
placed in suitable condition for the growing of clover, thisscrop 
will be found a valuable means for maintaining the supply of 
organic matter, owing to the fact that few farms produce suf­
fer
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fieient manure to maintain an adequate supply of organic matter 
in the soil by this means alone.
Manure was applied to the plots under experiment at the 
rate of eight tons per acre, which is a much lighter application 
than is made upon the average farm in Iowa. Generally speak­
ing, it is undoubtedly true that the maximum returns for a given 
amount of manure may be obtained from light applications at 
frequent intervals, rather than from heavy applications at long 
intervals, and the lighter application is in most cases recom­
mended. But an exception should be made in the case of the 
soil under investigation, owing to the fact that the stand and 
growth of clover upon the experiment plots were not as satis­
factory as were obtained upon the same farm, and upon soil 
which was practically identical but to which manure was applied 
more liberally. It is, therefore, recommended that a heavy 
application' of manure be applied to soil of this type io/t the 
purpose of rapidly preparing it for the growth of clover. It is 
further recommended that clover be grown at frequent inter­
vals— at least once every three or four years.
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NOTICE
To persons desiring examinations of materials to be made by the 
Iowa State Experiment Station
1; The Experiment Station was organized and designed to con­
duct investigations for the advancement and benefit of agriculture and 
the agricultural public, and so we do not investigate matters of purely 
private interest, unless conclusions subserving the welfare of the pub­
lic can be drawn therefrom. The Experiment Station does not under­
take to solve riddles for the merely curious. However, the examina­
tion of soils, waters, insects, plants and other natural or new 
materials of interest to the agriculturist forms a part of the general 
plan of investigating the resources of the state. So far, therefore, as 
any examination fills the gap in our knowledge of the state, or so far 
as the examination tends to produce results that will obtain to the 
public good, it will fall within our province, even though in the 
specific case it benefits only the individual.
Special directions for taking samples Should be applied for, and 
will be sent at the discretion of the department under which the 
examination is made.
2. In order to insure attention, every sample sent us must be 
accompanied in a separate letter by a full statement of its origin, 
mode of occurrence or special nature. A statement should be,made 
of the particular points s upon which information is desired, and the 
object in view in asking the question. Without such statement the 
Station would in many cases have to go to an amount of trouble and 
expense entirely disproportionate to the value or importance of the 
results obtained.
3. Each package sent, whether singly or enclosed with others 
in box or bag, . must be distinctly labelled and marked with sender’s 
name and address. All packages should be sent prepaid to the de­
partment or section by which the work is to be done. Packages or 
letters bearing simply the address of the College or the Station are 
subject to delay. Any package sent may be but one of the many 
to arrive on the same day, and unless each bears the sender’s name 
and address it is often impossible to identify such package, except 
by comparing the hand writing on letters and package, or by com­
paring the express bill with the letter. With the large amount' of 
work the Experiment Station Staff has on hand, no individual can 
underake this. Each se’ction of the station has its own regular work 
to do, and an investigation of problems or an examination of mate­
rial outside this regular work must be taken up as extra work and 
ordinarily is taken up in the turn in which it is received. If for any 
reasons an immediate answer is desired, that fact should be stated 
with the reasons therefor. Whenever possible examinations of this 
nature will be expedited.
4. In case of important examinations, write the Station before 
sending in the material. Perishable materials or substance subject 
to deterioration may otherwise arrive at a time when it is impossble 
to give them the prompt attention they require.
The Station publications (R-* >rts and Bulletins), so long as 
available, will be sent to any, ciiir&*isilL.th.e...state on application.
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